Introduction {#S0001}
============

Renal cell carcinoma (RCC) that occurs in the renal cortex ranks as the third leading cause of cancer-associated deaths globally.[@CIT0001] RCC is characterized by the absence of typical clinical symptoms, diversity of clinical manifestations, and lack of response to radiochemotherapy.[@CIT0002] It is estimated that there would be approximately 295,000 newly diagnosed RCC cases and 134,000 mortalities due to RCC worldwide.[@CIT0003] Clear cell RCC (ccRCC), the most common subtype of RCC, accounts for nearly 80% of all diagnosed cases. Until now, multiple factors, such as smoking, excessive drinking, hypertension, and obesity, have been verified to be implicated in ccRCC pathogenesis.[@CIT0004] Nephrectomy remains the primary therapeutic approach for ccRCC patients diagnosed at an early stage. However, there is still lack of effective treatment for ccRCC patients in the late stage.[@CIT0005],[@CIT0006] Despite the tremendous development of treatment strategies, the prognosis of ccRCC patients with local or distant metastasis remains unfavorable, with a 5-year survival of less than 10%.[@CIT0007] Hence, it is critical to understand in detail the mechanisms underlying the occurrence and development of ccRCC, as this knowledge will enable more effective therapeutic strategies.

Non-coding RNAs (ncRNAs) are RNA transcripts that do not code for proteins. According to their length, ncRNAs are classified into two groups: small non-coding RNAs (sncRNAs) and long non-coding RNAs (lncRNAs). LncRNAs are a family of transcripts with a length over 200 nucleotides.[@CIT0008] Although lncRNAs lack the functional protein coding ability, lately they have been found to exert crucial modulatory effects on cancer initiation and progression.[@CIT0009] LncRNAs may play oncogenic roles in ccRCC progression when they are overexpressed, or serve as tumor suppressors when their expression level is attenuated.[@CIT0010]

MicroRNAs (miRNAs) are sncRNAs that are 20--24 nucleotides long.[@CIT0011] miRNAs effectively regulate gene expression by directly binding to the 3′-untranslated regions (3′-UTRs) of respective complementary messenger RNAs (mRNAs), which promotes degradation and/or suppressed translation of these mRNA.[@CIT0012] An increasing number of studies report that dysregulation of miRNAs affects various aspects of tumorigenesis and tumor development in almost all human tumor types.[@CIT0013]--[@CIT0015] Specifically, down- and upregulation of various miRNAs, associated a variety of malignant phenotypes, have been documented in ccRCC.[@CIT0016]--[@CIT0019] Therefore, investigating the expression status and biological roles of lncRNAs and miRNAs in ccRCC would facilitate the identification of attractive therapeutic targets for the treatment of patients with this malignancy.

*CASC19* has been recognized as an important regulator of gastric cancer,[@CIT0020] colorectal cancer,[@CIT0021],[@CIT0022] and non-small cell lung cancer.[@CIT0023] However, neither the expression pattern nor the functional roles of *CASC19* in ccRCC have been previously defined. In this study, we attempted to detect *CASC19* expression in ccRCC, assess the clinical value of this parameter in patients with ccRCC, and determine the functions of *CASC19* in ccRCC progression. In addition, the molecular mechanisms underlying the oncogenic roles of*CASC19* in ccRCC were elucidated in detail.

Materials and Methods {#S0002}
=====================

Patients and Samples {#S0002-S2001}
--------------------

Fifty-one patients diagnosed with ccRCC that underwent nephrectomy in the 161st Hospital of the People's Liberation Army between January 2014 and August 2015 were involved in this study. All samples were collected randomly, and patients that received chemotherapy or radiotherapy before surgical resection were excluded. The obtained ccRCC and adjacent normal renal tissues were immediately frozen in liquid nitrogen and then stored at −80 °C until the analysis. The present study was approved by the Research Ethics Committee of the 161st Hospital of People's Liberation Army. Written informed consent was obtained from all patients enrolled.

Cell Culture {#S0002-S2002}
------------

Three ccRCC cell lines, 786-O, Caki-1, and A498, were purchased from the Cell Bank of Type Culture Collection of the Chinese Academy of Sciences (Shanghai, China) and cultured in Dulbecco's modified Eagle medium (DMEM) with 10% fetal bovine serum (FBS), 100 μL/mL penicillin, and 100 mg/mL streptomycin (all from Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA). The normal human proximal tubule epithelial HK-2 cell line was obtained from the American Type Culture Collection (Manassas, VA, USA) and maintained in Keratinocyte Serum Free Medium (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA). All abovementioned cell lines were grown at 37°C in a humidified atmosphere of 95% air and 5% CO~2~.

Reverse Transcription-Quantitative Polymerase Chain Reaction (RT-qPCR) {#S0002-S2003}
----------------------------------------------------------------------

The extraction of total RNA was conducted by using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA) in accordance with the manufacturer's instructions. NanoDrop 2000/2000c (Thermo Fisher Scientific, Inc., Waltham, MA, USA) was utilized to determine total RNA concentration. For miR-532 expression analysis, complementary DNA (cDNA) was prepared from total RNA by using a miScript Reverse Transcription kit (Qiagen GmbH, Hilden, Germany). Next, a miScript SYBR Green PCR kit (Qiagen GmbH, Hilden, Germany) was employed to detect miR-532 expression, with the universal small nuclear RNA U6 as internal control. For the detection of *CASC19* and *ETS1* mRNA levels, reverse transcription was carried out to synthesize cDNA from total RNA by using a PrimeScript RT reagent kit, followed by qPCR with a SYBR Premix Ex *Taq*™ kit (both from Takara Bio, Dalian, China). The level of *GAPDH* was used as reference for *CASC19* and *ETS1* expression levels. Relative gene expression was analyzed by using the 2^−ΔΔCq^ method.[@CIT0024]

Subcellular Fractionation Location {#S0002-S2004}
----------------------------------

The Protein and RNA Isolation System (PARIS) (Life Technologies, CA, USA) was employed to separate the nuclear and cytosolic fractions of ccRCC cells in accordance with the manufacturer's instructions. After RNA isolation, RT-qPCR was performed to evaluate the expression distribution of *CASC19* in ccRCC cells. *GAPDH* and *U6* were used as cytoplasmic and nuclear control transcripts, respectively.

Transfection Experiments {#S0002-S2005}
------------------------

ccRCC cells were inoculated into 6-well plates and incubated at 37°C in the atmosphere of 95% and 5% CO~2~ overnight prior to transfection. The miR-532 mimics, miRNA negative control (miR-NC), miR-532 inhibitor, and NC inhibitor were constructed by Guangzhou RiboBio Co., Ltd. (Guangzhou, China).The ETS1 overexpression plasmid pcDNA3.1-ETS1 was synthesized by IBSbio (IBS Solutions Co. Ltd, Shanghai, China). Small interfering RNA (siRNA) targeting *CASC19* (si-CASC19) and NC siRNA (si-NC) were obtained from Genepharma Biotech Co., Ltd. (Shanghai, China). Transfection experiments were performed using Lipofectamine 2000^®^ (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA) based on the manufacturer's instructions.

MTT Assay {#S0002-S2006}
---------

MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay was conducted with the aim of determining the proliferation of ccRCC cells. In 24 h following transfection, ccRCC cells were inoculated into 96-well plates at a density of 3 × 10^3^ per every well. Cell proliferation was detected at 0, 24, 48, and 72 h after seeding by adding 20 μL of 5 mg/mL MTT solution (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) into each well. The plates were incubated at 37°C in a humidified atmosphere of 95% air and 5% CO~2~for another 4 h. The culture medium was removed and replaced with 150 µL of dimethyl sulfoxide (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany). Finally, the absorbance at a wavelength of 490 nm was detected by an ELISA microplate reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA).

Colony Formation Assay {#S0002-S2007}
----------------------

Transfected cells were collected and treated as above mentioned. In total, 1 ×103 cells were seeded into each well of the 6-well plates. After 2 week culture, cells were rinsed with phosphate-buffered saline, fixed with 4% paraformaldehyde and stained with 0.1% crystal violet (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany). The formed colonies were imaged and counted under an inverted light microscope (Olympus Corporation, Tokyo, Japan).

Cell Migration and Invasion Assays {#S0002-S2008}
----------------------------------

The invasive ability of ccRCC cells was assessed by performing the cell invasiveness assay. A total of 5×10^4^ transfected ccRCC cells were suspended in FBS-free DMEM at 48 h post-transfection prior to being inoculated into the upper compartments of transwell chamber inserts coated with Matrigel (both from BD Biosciences, Franklin Lakes, NJ, USA). DMEM containing 10% FBS was added into the lower compartments to serve as the source of chemo attractants. The chambers were then incubated at 37°C in the atmosphere of 95% air and 5% CO~2~ for 24 h, and the invading cells were then fixed with 4% paraformaldehyde and stained with 0.1% crystal violet. Five visual fields of each chamber insert were randomly chosen, and the average number of cells was counted under an inverted light microscope. The migratory ability of ccRCC cells was determined by using the same experimental steps as for the cell invasiveness assay, except that the inserts were not coated with Matrigel.

Tumor Xenograft in Nude Nice {#S0002-S2009}
----------------------------

The short hairpin RNAs (shRNAs) targeting *CASC19* (sh-CASC19) and NC shRNA (sh-NC; both from Genepharma Biotech Co., Ltd.) were incorporated into a pLKO vector to produce pLKO-sh-CASC19 and pLKO-sh-NC plasmids. The lentiviral constructs were cloned and purchased from Genepharma Biotech Co., Ltd.

Nude mice (4--5 weeks old; 18--20 g) were bought from the Shanghai Laboratory Animal Center (Shanghai, China) and maintained in the specific-pathogen-free environment. All experimental steps in animals and animal care protocols were approved by the Animal Ethics Committee of the 161st Hospital of People's Liberation Army, and were performed under supervise of the Animal Protection Law of the People's Republic of China-2009.A498 cells stably transfected with sh-CASC19 or sh-NC were collected and dispersed in phosphate buffer solution. A total of 1 × 10^7^ cells resuspended in phosphate buffer solution were subcutaneously injected into the flank of nude mice. Each group contained three mice. The width and length of the formed xenograft were measured weekly by using a Vernier caliper. The volume of each tumor xenograft was calculated using the following equation: length × width^2^ × 1/2. All nude mice were euthanized at 4 weeks post-inoculation and the tumor xenografts were dissected out and weighed.

Bioinformatics Prediction and Luciferase Reporter Assay {#S0002-S2010}
-------------------------------------------------------

StarBase 3.0 ([<http://starbase.sysu.edu.cn/>]{.ul}) was utilized for the analysis of the lncRNA-miRNA interaction. The fragments of *CASC19* containing the wild-type (wt) complementary or mutated (mut) miR-532 sequences were amplified by Genepharma Biotech Co., Ltd. and subcloned into the pmirGLO plasmid (Promega Corporation, Madison, WI, USA). These chemically synthesized reporter plasmids were defined as CASC19-wt and CASC19-mut, respectively. ccRCC cells were inoculated into 24-well plates one day before transfection. Cells were co-transfected with miR-532 mimics or miR-NC, and CASC19-wt or CASC19-mut, by using Lipofectamine 2000^®^.Following incubation for 48 hat 37°C, the luciferase activity was determined by using a Dual-Luciferase Reporter Assay system (Promega Corporation, Madison, WI, USA). Renilla luciferase activity was used for normalization of the data.

RNA Immunoprecipitation (RIP) Assay {#S0002-S2011}
-----------------------------------

RIP assay was carried out by using a Magna RIP RNA-binding immunoprecipitation kit (EMD Millipore, New Jersey, USA). Cells were lysed by using RIP lysis buffer supplemented with an RNase inhibitor and protease inhibitor cocktail. Then, the cell lysates were incubated with magnetic beads conjugated with an anti-AGO2 antibody or control IgG (EMD Millipore). Following overnight incubation at 4°C, the magnetic beads were collected and treated with proteinase K. The immunoprecipitated RNA was isolated and quantified by RT-qPCR.

Western Blot Analysis {#S0002-S2012}
---------------------

Total protein was isolated using RIPA assay lysis buffer (Beyotime Institute of Biotechnology, Shanghai, China). Protein concentration was evaluated by a BCA protein assay kit (Beyotime Institute of Biotechnology, Shanghai, China). Equal amounts of protein were separated on 10% SDS-PAGE gels and electrophoretically transferred onto polyvinylidene fluoride membranes (Beyotime Institute of Biotechnology, Shanghai, China). Subsequently, the membranes were blocked with 5% skimmed milk diluted in Tris-buffered saline containing 0.1% Tween-20 (TBST) and incubated overnight at 4 °C with the following primary antibodies (Abcam, Cambridge, UK): rabbit anti-human ETS1 antibody (1:1000 dilution; cat. no. ab220361) and rabbit anti-human GAPDH antibody (1:1000 dilution; cat. no. ab181603). After rinsing with TBST, a horseradish peroxidase-conjugated secondary antibody (1:5000 dilution; cat. no. ab6721; Abcam) was added, and the membranes were incubated at room temperature for an additional 2 h. The protein signals were visualized by using an electrochemiluminescence advanced Western blot detection kit (Thermo Fisher Scientific, Waltham, MA, USA). GAPDH signal was used for data normalization.

Statistical Analysis {#S0002-S2013}
--------------------

Data are presented as the mean ± standard error of the mean. All statistical analyses were performed by using SPSS 20.0 (IBM Corp., Armonk, NY, USA). The chi-squared test was applied for assessing the correlation between *CASC19* expression and clinicopathological parameters in ccRCC patients. The differences between two groups were analyzed by the Student's *t*-test. The one-way analysis of variance followed, if appropriate, by the Student-Newman-Keuls post hoc test for multiple comparisons was utilized for the comparison of the differences between more than two groups. The overall survival curves were plotted using the Kaplan-Meier method and analyzed by the Log rank test. The Spearman correlation analysis was used to examine the association between *CASC19* and miR-532 levels in ccRCC tissues. All statistical analyses were conducted with a significance level of *P*\< 0.05.

Results {#S0003}
=======

High *CASC19* Expression Predicts Poor Prognosis in ccRCC {#S0003-S2001}
---------------------------------------------------------

To investigate the clinical relevance of *CASC19* expression in ccRCC, RT-qPCR was carried out to measure *CASC19* level in 51 pairs of ccRCC and adjacent normal renal tissue samples. *CASC19* expression level was higher in ccRCC tissues than in adjacent normal renal tissues ([Figure 1A](#F0001){ref-type="fig"}). Relative *CASC19* expression was also determined in ccRCC cell lines, and *CASC19* was found to be upregulated in all three ccRCC cell lines when compared with its expression level in the normal human proximal tubule epithelial HK-2 cell line ([Figure 1B](#F0001){ref-type="fig"}).Figure 1Upregulation of *CASC19* in ccRCC tissues and cell lines (**A**) Relative *CASC19* expression detected in 51 pairs of ccRCC and adjacent normal renal tissue samples by using RT-qPCR.(**B**) *CASC19* expression levels determined by RT-qPCR in three ccRCC cell lines (786-O, Caki-1, and A498) and the normal human proximal tubule epithelial cell line HK-2. (**C**) ccRCC patients with high *CASC19* expression had much lower overall survival rate than those with low *CASC19* expression (*P* = 0.038). Statistical significance of differences is indicated as follows: \**P* \<0.05 and \*\**P* \<0.01.

To analyze the relationship between *CASC19* and clinical parameters in ccRCC, all 51 patients were separated into either *CASC19* high or *CASC19* low expression groups. The median value of *CASC19* expression level in the ccRCC tissue was defined as the cutoff value. Correlation analyses demonstrated that ccRCC patients with high *CASC19* expression tended to have larger tumor sizes (*P* = 0.045), more advanced TNM stage (P = 0.012), and more frequently have lymph node metastasis (*P* = 0.003) ([Table 1](#T0001){ref-type="table"}). In addition, patients with ccRCC having high *CASC19* expression exhibited much lower overall survival rate than those with low *CASC19* expression ([Figure 1C](#F0001){ref-type="fig"}; *P* = 0.038). These results implied that *CASC19* may perform an important part in the progression of ccRCC.Table 1The Correlation Between the Expression of *CASC19* and Clinicopathological Parameters of Patients with ccRCCClinicopathological ParametersCASC19 ExpressionP valueHighLowGender0.779 Male1614 Female1011Age0.404 \<60 years1215 ≥ 60 years1410Tumor size0.045 \<4 cm1118 ≥ 4 cm157Grade0.089 Grade 1+2713 Grade 3+41912TNM stage0.012 I+II918 III+IV177Lymph node metastasis0.003 Negative1121 Positive154

Knockdown of *CASC19* Attenuates ccRCC Cell Proliferation, Colony Formation, Migration, and Invasiveness in vitro {#S0003-S2002}
-----------------------------------------------------------------------------------------------------------------

Among the three ccRCC cell lines tested, 786-O and A498 cell lines had relatively higher *CASC19* expression, so these two cell lines were chosen for the functional assays. As *CASC19* was upregulated in both ccRCC tissues and cell lines, we hypothesized that *CASC19* might play a tumor-promoting role in ccRCC progression. To verify this hypothesis, 786-O and A498 cells were transfected with si-CASC19 to silence endogenous *CASC19* expression. After transfection, RT-qPCR analysis demonstrated that *CASC19* was significantly knocked down in si-CASC19-transfected 786-O and A498 cells relative to its level in cells transfected with si-NC ([Figure 2A](#F0002){ref-type="fig"}). By using the MTT and colony formation assays, we observed that *CASC19* knockdown impaired the proliferative ([Figure 2B](#F0002){ref-type="fig"}) and colony-forming abilities ([Figure 2C](#F0002){ref-type="fig"}) of 786-O and A498 cells. Furthermore, the migration ([Figure 2D](#F0002){ref-type="fig"}) and invasiveness ([Figure 2E](#F0002){ref-type="fig"}) of 786-O and A498 cells was markedly attenuated by *CASC19* silencing, as suggested by the results of the cell migration and invasion assays. Thus, *CASC19* might indeed play a prominent role in ccRCC oncogenicity.Figure 2Attenuation of 786-O and A498 cell proliferation, migration, and invasiveness in vitro by *CASC19* knockdown (**A**) *CASC19* levels determined by RT-qPCR in 786-O and A498 cells transfected with si-CASC19 or si-NC. (**B, C**) The modulatory effect of *CASC19* downregulation on the proliferation and colony formation of 786-O and A498 cells determined by the MTT and colony formation assays. (**D, E**) Migratory and invasive capacities of 786-O and A498 cells measured by the cell migration and invasion assays after *CASC19* knockdown. Statistical significance of differences is indicated as follows: \**P*\<0.05 and \*\**P* \<0.01.

*CASC19* Functions as a Competing Endogenous RNA (ceRNA) for miR-532 and Consequently Positively Modulates ETS1 Expression in ccRCC Cells {#S0003-S2003}
-----------------------------------------------------------------------------------------------------------------------------------------

It has been shown previously that lncRNAs may function as ceRNAs to interact with miRNAs in the cytoplasm, thereby reducing the suppressive action of miRNAs on their targets.[@CIT0025] In order to investigate whether *CASC19* acts as a ceRNA, we first determined the expression distribution of *CASC19* in 786-O and A498 cells. Subcellular fractionation location plus RT-qPCR analysis indicated that *CASC19* was mainly distributed in the cytoplasm of 786-O and A498 cells ([Figure 3A](#F0003){ref-type="fig"}).Next, bioinformatics analysis was employed to search for the miRNAs that might potentially interact with *CASC19*. As shown in [Figure 3B](#F0003){ref-type="fig"}, miR-532 was predicted to contain a putative binding site for *CASC19*.Thus, miR-532 was selected for further verification because this miRNA was revealed to be downregulated in ccRCC and participate in cancer progression.[@CIT0026]Figure 3*CASC19* functions as a molecular sponge for miR-532 in ccRCC cells. (**A**) 786-O and A498 cells were fractionated into nuclear and cytosolic fractions. Total RNA of each fraction was isolated and *CASC19* expression level was determined by using RT-qPCR. (**B**) The schematic of miR-532 wild-type (wt) and mutant (mut) targeting sites within *CASC19*. (**C**) miR-532 levels in 786-O and A498 cells transfected with miR-532 mimics or miR-NC were measured by RT-qPCR. (**D**) Luciferase activity of the *CASC19*-wt or *CASC19*-mut constructs determined in the presence of miR-532 mimics or miR-NC. (**E**) 786-O and A498 cell lysates were immunoprecipitated with AGO2 or IgG antibodies. The immunoprecipitated RNA was subjected to RT-qPCR analysis to quantify miR-532 and *CASC19* levels. (**F**) miR-532 expression levels in 51 pairs of ccRCC and adjacent normal renal tissue samples determined by using RT-qPCR. (**G**) Correlation between miR-532 and *CASC19* expression levels in 51 ccRCC tissue samples (r = −0.6180, *P* \< 0.0001). (**H**) miR-532 expression levels in *CASC19*-deficient 786-O and A498 cells determined by using RT-qPCR. Statistical significance of differences is indicated as follows: \**P* \< 0.05 and \*\**P* \< 0.01.

After confirming the efficiency of miR-532 mimics ([Figure 3C](#F0003){ref-type="fig"}), we performed the luciferase reporter assay to determine the interaction between miR-532 and *CASC19* in ccRCC cells. We found that the luciferase activity was strongly reduced in 786-O and A498 cells co-transfected with miR-532 mimics and *CASC19*-wt ([Figure 3D](#F0003){ref-type="fig"}). In contrast, co-transfection with miR-532 mimics and *CASC19*-mut failed to affect luciferase activity. The RIP assay was applied to further evaluate whether miR-532 and *CASC19* co-localize in the same RNA-induced silencing complex. We found that miR-532 and *CASC19* were enriched in the AGO2-immunoprecipitated complex relative to that in the IgG-immunoprecipitated one ([Figure 3E](#F0003){ref-type="fig"}). Furthermore, miR-532 was significantly downregulated in ccRCC tissues compared with its level in adjacent normal renal tissues ([Figure 3F](#F0003){ref-type="fig"}). A correlation analysis indicated that *CASC19* expression level was inversely correlated with that of miR-532 in the 51 samples of ccRCC tissues ([Figure 3G](#F0003){ref-type="fig"}; r = −0.6180, *P* \< 0.0001). Besides, RT-qPCR analysis uncovered the inverse relationship between miR-532 and *CASC19* expression levels in 786-O and A498 cells ([Figure 3H](#F0003){ref-type="fig"}).

ETS1 has been identified as a direct target of miR-532 in ccRCC.[@CIT0026] Therefore, we subsequently attempted to clarify the effect of *CASC19* on ETS1 expression. RT-qPCR and Western blotting were performed to detect ETS1 mRNA and protein expression in 786-O and A498 cells after transfection with si-CASC19 or si-NC. The expression levels of ETS1 mRNA ([Figure 4A](#F0004){ref-type="fig"}) and protein ([Figure 4B](#F0004){ref-type="fig"}) after si-CASC19 treatment were significantly lower than those in si-NC-transfected 786-O and A498 cells. Furthermore, *ETS1* mRNA expression was significantly higher in ccRCC tissues than in adjacent normal renal tissues ([Figure 4C](#F0004){ref-type="fig"}). A positive correlation between expression levels of *CASC19* and *ETS1* mRNAs were identified in ccRCC tissue samples ([Figure 4D](#F0004){ref-type="fig"}; r = 0.4738, *P* = 0.0004). The correlation between *ETS1* mRNA and miR-532 in ccRCC tissues was also analyzed. Spearman correlation analysis displayed that *ETS1* mRNA was inversely correlated with miR-532 in ccRCC tissues ([Figure 4E](#F0004){ref-type="fig"}; r = −0.5296, *P* = 0.0010). To elucidate whether *CASC19* controls *ETS1* expression via sponging miR-532, the rescue assays were conducted in *CASC19-*deficient786-O and A498 cells after further transfection with the miR-532 inhibitor or NC inhibitor. RT-qPCR verified the successful silencing of miR-532 expression in 786-O and A498 cells that were transfected with the miR-532 inhibitor ([Figure 4F](#F0004){ref-type="fig"}). ETS1 mRNA ([Figure 4G](#F0004){ref-type="fig"}) and protein ([Figure 4H](#F0004){ref-type="fig"}) levels, which were decreased by *CASC19* knockdown, were almost fully recovered in 786-O and A498 cells after their co-transfection with the miR-532 inhibitor. Taken together, these results suggested that *CASC19* competitively sponged miR-532 and thereby positively modulated ETS1 expression.Figure 4*CASC19* directly sponges miR-532 expression and thereby positively regulates *ETS1* expression in ccRCC tissues. (**A, B**) Effects of *CASC19* silencing on ETS1 mRNA and protein expression levels in 786-O and A498 cells determined by using RT-qPCR and Western blotting, respectively. (**C**) Expression of *ETS1* mRNA in ccRCC and adjacent normal renal tissues analyzed by using RT-qPCR. (**D**) Correlation between expression levels of *CASC19* and *ETS1* mRNA in 51 samples of ccRCC tissues (r = 0.4738, *P* = 0.0004). (**E**) Correlation between expression levels of miR-532 and *ETS1* mRNA in 51 samples of ccRCC tissues (r = −0.5296, *P* = 0.0010). (**F**) miR-532 expression levels in 786-O and A498 cells at 48 h after transfection with the miR-532 inhibitor or NC inhibitor. (**G, H**) ETS1 mRNA and protein expression levels quantified by RT-qPCR and Western blotting, respectively, in 786-O and A498 cells transfected with si-CASC19 and either the miR-532 inhibitor or NC inhibitor. Statistical significance of differences is indicated as follows: \**P* \<0.05 and \*\**P* \<0.01.

*CASC19* Exerts Its Cancer-Promoting Roles in ccRCC Cells via Modulating the miR-532/ETS1 Axis {#S0003-S2004}
----------------------------------------------------------------------------------------------

To investigate whether the oncogenic actions of *CASC19* in ccRCC cells were mediated through the regulation of the miR-532/ETS1 axis, a series of rescue assays were performed in 786-O and A498 cells. First, a combination of si-GASC19, plus miR-532 inhibitor or NC inhibitor was co-transfected into 786-O and A498 cells, and changes in the proliferation, migration, and invasiveness were evaluated. Inhibition of miR-532 expression abrogated the inhibitory effects of *CASC19* knockdown on the proliferation ([Figure 5A](#F0005){ref-type="fig"}), colony formation ([Figure 5B](#F0005){ref-type="fig"}), migration ([Figure 5C](#F0005){ref-type="fig"}), and invasiveness ([Figure 5D](#F0005){ref-type="fig"}) of 786-O and A498 cells. Next, *ETS1* overexpression plasmid pcDNA3.1-ETS1 or empty pcDNA3.1 plasmid in combination with si-CASC19 was co-transfected into 786-O and A498 cells. Western blot analysis confirmed that transfection with pcDNA3.1-ETS1 resulted in a significant upregulation of ETS1 in 786-O and A498 cells ([Figure 6A](#F0006){ref-type="fig"}). Functional experiments showed that the impacts of *CASC19* knockdown on the proliferation ([Figure 6B](#F0006){ref-type="fig"}), colony formation ([Figure 6C](#F0006){ref-type="fig"}), migration ([Figure 6D](#F0006){ref-type="fig"}), and invasiveness ([Figure 6E](#F0006){ref-type="fig"}) of 786-O and A498 cells were eliminated by means of pcDNA3.1-ETS1 restoration. These results clearly demonstrated that the miR-532/ETS1 axis was responsible for the oncogenic roles of *CASC19* in ccRCC cells.Figure 5Inhibition of miR-532 alleviates the inhibitory effects of *CASC19* knockdown in 786-O and A498 cells. (**A**--**D**) Proliferation, colony formation, migration, and invasiveness properties of 786-O and A498 cells after co-transfection with si-CASC19 and either miR-532 inhibitor or NC inhibitor determined in the MTT, colony formation, cell migration and invasion assays. \**P* \<0.05 and \*\**P* \<0.01.Figure 6Restoration of *ETS1* expression abrogates the inhibitory effects of *CASC19* knockdown in 786-O and A498 cells. (**A**) ETS1 protein expression in 786-O and A498 cells transfected with pcDNA3.1-ETS1 or pcDNA3.1 measured by Western blot. (**B**--**E**) Proliferation, colony formation, migration, and invasiveness properties of 786-O and A498 cells after their co-transfection with si-CASC19 and either pcDNA3.1-ETS1 or pcDNA3.1 determined in the MTT, colony formation, cell migration and invasion assays. Statistical significance of differences is indicated as follows: \**P* \<0.05 and \*\**P* \<0.01.

Interference of *CASC19* Suppresses Tumor Growth of ccRCC Cells in vivo {#S0003-S2005}
-----------------------------------------------------------------------

A tumor xenograft model was constructed by subcutaneously injecting A498 cells stably transfected with sh-CASC19 or sh-NC into the flank of nude mice. The decrease in *CASC19* expression was confirmed in A498 cells stably transfected with sh-CASC19, as quantified by RT-qPCR ([Figure 7A](#F0007){ref-type="fig"}). The volume ([Figure 7B](#F0007){ref-type="fig"}) and size ([Figure 7C](#F0007){ref-type="fig"}) of tumor xenografts was strongly decreased in the sh-CASC19 group compared with these parameters in the sh-NC group. The weight of tumor xenografts was measured when the nude mice were euthanized 4 weeks post-inoculation. The reduction of tumor weight was observed in the nude mice that were inoculated with sh-CASC19 stably-transfected A498 cells ([Figure 7D](#F0007){ref-type="fig"}). In addition, expression of miR-532 was upregulated ([Figure 7E](#F0007){ref-type="fig"}) in the sh-CASC19 group. Furthermore, Western blotting indicated that ETS1 protein amount was decreased in the sh-CASC19 tumor xenografts ([Figure 7F](#F0007){ref-type="fig"}). Collectively, silenced *CASC19* expression impaired tumor growth of ccRCC cells in vivo.Figure 7*CASC19* depletion impairs tumor growth of ccRCC cells in vivo. (**A**) *CASC19* expression in A498 cells stably transfected with sh-CASC19 quantified by using RT-qPCR. (**B**) Weekly measurements of tumor xenograft volume. (**C**) Representative images of tumor xenografts obtained from ccRCC cells transfected with sh-CASC19 and sh-NC. (**D**) Tumor xenograft weight determined when the nude mice were euthanized at 4 weeks post-inoculation. (**E**) miR-532 expression level in tumor xenografts quantified by using RT-qPCR. (**F**) Western blot analysis of ETS1 protein expression in tumor xenografts. Statistical significance of differences is indicated as follows: \**P* \<0.05 and \*\**P* \<0.01.

Discussion {#S0004}
==========

Dysregulation of lncRNAs in ccRCC has been documented in many studies.[@CIT0027],[@CIT0028] LncRNAs may exert pro-oncogenic or anti-oncogenic effects, and they play an important role in promoting or preventing ccRCC progression.[@CIT0029]--[@CIT0031] Therefore, detailed elucidation of lncRNA roles and mechanisms underlying dysregulation of lncRNAs in ccRCC may be instrumental for the development of promising novel therapeutic approaches for patients with this disease. Although expression profiles of some lncRNAs associated with ccRCC have been described previously, there are still numerous lncRNAs with unclear expression pattern, whose roles in ccRCC have not been clarified. In this study, we determined *CASC19* expression in ccRCC and investigated the clinical importance of this lncRNA in patients with ccRCC. In addition, we examined biological actions of *CASC19* on the aggressive features of ccRCC tumors and explored the mechanisms underlying these effects.

*CASC19* is a well-studied lncRNA in several human cancer types. For example, *CASC19* expression is increased in advanced gastric cancer and apparently associated with the higher pathologic TNM stage, pathologic T stage, lymph node metastasis, and poor overall survival.[@CIT0020] In addition, multivariable Cox analysis identified *CASC19* as an independent prognostic factor for predicting the overall survival of patients with gastric cancer.[@CIT0020] *CASC19* is also highly expressed in colorectal[@CIT0021],[@CIT0022] and non-small cell lung cancers.[@CIT0023] However, the expression pattern of *CASC19* in ccRCC has not been thoroughly investigated. In this study, our results showed that *CASC19* was upregulated in ccRCC tissues and cell lines. The high *CASC19* expression significantly correlated with tumor size, advanced TNM stage and lymph node metastasis in patients with ccRCC. Notably, ccRCC patients with high *CASC19* expression had shorter overall survival than patients with low CASC19 expression.

*CASC19* has been demonstrated to have pro-oncogenic actions during carcinogenesis and cancer progression. For example, interference with *CASC19* expression restricted colorectal cancer cell proliferation, migration, invasiveness and epithelial-mesenchymal transition in vitro.[@CIT0021],[@CIT0022] In non-small cell lung cancer, a reduction of *CASC19* expression suppressed cell growth and metastasis in vitro.[@CIT0023] Nevertheless, to the best of our knowledge, the roles of *CASC19* in ccRCC have not been elucidated in detail. Herein, data from functional experiments confirmed the oncogenic actions of *CASC19* and demonstrated that *CASC19* promoted ccRCC cell proliferation, colony formation, migration, and invasiveness in vitro, as well as tumor growth in vivo.

It is well established that lncRNAs located in the cytoplasm affect a wide range of physiological processes by acting as ceRNAs.[@CIT0032] LncRNAs competitively bind to miRNAs and consequently alleviate the impact of miRNAs on their targets. As a result, the expression level of mRNAs targeted by miRNAs increases.[@CIT0025] Hence, we subsequently explored the highly complex mechanisms underlying the tumor-promoting activities of *CASC19* in ccRCC cells. Firstly, subcellular fractionation location plus RT-qPCR analysis revealed that *CASC19* was mainly distributed in the cytoplasm of ccRCC cells, suggesting that *CASC19* could work as a ceRNA. Second, bioinformatics analysis predicted that miR-532 contains a putative binding site for *CASC19*. Third, the direct binding and interaction between *CASC19* and miR-532 in ccRCC cells was verified by the luciferase reporter and RIP assays, respectively. Fourth, expression of miR-532 was negatively regulated by *CASC19* both in vitro and in vivo. Fifth, *CASC19* positively modulated the expression of *ETS1* in ccRCC cells, and the positive regulation effect was abrogated through sponging miR-532. These results provide sufficient evidence to demonstrate that *CASC19* functions as a miR-532 sponge and increases the expression of *ETS1* in ccRCC cells.

miR-532 attenuates ccRCC oncogenicity, but its level is downregulated in ccRCC.[@CIT0026] Mechanistic studies validated *ETS1* as a gene directly targeted by miR-532 in ccRCC.[@CIT0026] ETS1 protein is a member of the ETS family of transcription factors that directly interact with specific DNA sequences containing a GGAA/T core motif.[@CIT0033] ETS1 is overexpressed in a number of human cancers, such as breast cancer,[@CIT0034] cervical cancer,[@CIT0035] and gastric cancer.[@CIT0036] ETS1 is upregulated in ccRCC[@CIT0037] and has a promoting effect on the malignancy of this cancer.[@CIT0018] In this study, we found that *ETS1* expression was positively modulated by *CASC19* in ccRCC. Furthermore, our results revealed that the miR-532/ETS1 axis is essential for the tumorigenic activities of *CASC19* in ccRCC. Apparently, the CASC19/miR-532/ETS1 regulatory pathway is crucial for the malignant manifestations of ccRCC, which makes it an attractive target for future drug discovery projects.

The use of siRNA in the tumor xenograft in nude nice assay was a limitation in the present study. In our future experiments, short hairpin RNA against *CASC19* will be used to verify the in vivo results.

Conclusion {#S0005}
==========

In summary, *CASC19* is overexpressed in ccRCC and high level of its expression was associated with worse clinical outcomes. *CASC19* functions as an oncogenic lncRNA that promotes the occurrence and development of ccRCC by acting as a ceRNA for miR-532 and thereby promoting *ETS1* expression. Our findings substantially improve our knowledge about the roles of *CASC19*, miR-532, and *ETS1* in ccRCC, as well as help to identify promising novel therapeutic targets for ccRCC.
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